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@ Light-emitting diode having a surface electrode of a tree-like form. 



@ A surface electrode (316) on a surface (330) of 
a LED has a pad (318), and further, at least 
first-order branches (319a, 319d) linearly 
extending from the pad (318), second-order 
branches (320a. 320b, and 320c) diverged and 
linearly extending from the first-order branches 

(319a 31 9d), and third-order branches (322a, 

322b, and 322c) diverged and linearly extending 
from the second-order branches (320a, 320b, 
and 320c). The pad (318) out of the surface 
electrode (316) is not in electrical contact with a 
underlying semiconductor layer (331), whereas 
the surface electrode (316) and the semicon- 
ductor layer (331) are in electrical contact with 
each other at ends of the highest-order bran- 
ches (322a, 322b, and 322c). AJso, the semicon- 
ductor layer is provided along a pattern of the 
surface electrode in a mesa shape. Thus, inef- 
fective light emission underneath the surface 
electrode (316) is relatively reduced so that 
external quantum efficiency can be improved, 
and moreover even shorter-wavelength light 
can be allowed to go out at high efficiency by 
omitting a current diffusion layer. 



Fig. 10 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a light-emitting 
diode (LED) for use of display or the like. 

2. Description of the Prior Art 

In recent years, there have been developed light- 
emitting diodes (LEDs) that emit yellow or green light 
using aluminium gallium indium phosphide (AIGalnP) 
series materials, besides those using gallium ar- 
senide phosphide (GaAsP) series or gallium phos- 
phide (GaP) series materials. 

A prior-art AIGalnP series LED is fabricated in the 
following way. First, as shown in Fig. 1 which is a sec- 
tional view of the LED, on a surface of an n-type GaAs 
substrate 90 are stacked over all an n-type AIGalnP 
clad layer 91, an undoped AIGalnP light-emitting layer 
92, a p-type AIGalnP clad layer 93, a p-type AIGaAs 
current diffusion layer 94, a p-type GaAs contact layer 
95, and a p-side surface electrode 96. Next, as shown 
in Fig. 2 which is a plan view showing the LED, this 
surface electrode 96 and the p-type GaAs layer 95 
are patterned by removing part of them. As a result, 
the surface electrode 96 is composed of a circular 
pad 98 for performing wire-bonding, and branches 
99a, 99b, 99c, and 99d linearly extending from the 
pad 98 in four directions. By providing a plurality of 
branches 99a, 99b, 99c, and 99d in this way, it is ar- 
ranged that electrical current is diffused within a LED 
chip as uniformly as possible. Thereafter, an n-side 
rear-face electrode 97 is formed on the rear face of 
the substrate 90. Light emitted from the light-emitting 
layer 92, being absorbed into the substrate 90 and the 
surface electrode 96, goes out of the chip through a 
region 100a of a chip surface 100 resulting from par- 
tially removing the surface electrode 96 and through 
a side face 101. 

It should be noted that this LED is of double-het- 
ero structure in which the light-emitting layer 92 is 
sandwiched by the two clad layers 91 and 93 greater 
in bandgap than the light-emitting layer 92. With this 
structure, to attain an effective confinement of elec- 
trons and holes into the light-emitting layer 92 by the 
clad layers 91 and 93, the Al composition ratio y is re- 
quired to be increased to as much as 0.7 to 1 in the 
composition (AlyGa^Jcslno^P of the clad layers 91 
and 93. However, if the Al composition ratio y is in- 
creased to such a value, doping a p-type or n-type ele- 
ment into the clad layers 91 and 93 becomes difficult 
so that the specific resistance of the clad layers 91 
and 93 becomes difficult to lower. Therefore, in this 
LED, the current diffusion layer 94 is provided to pre- 
vent the current from concentrating underneath the 
surface electrode 96, thereby increasing the amount 
of light emitted in the region 100a that is not covered 



with the surface electrode 96. 

However, the current diffusion layer 94 does not 
work to a sufficient extent, so that ineffective light 
emission underneath the surface electrode 96 is 
5 greater in amount relative to light emission in the re- 
gion 100a that is not covered with the surface elec- 
jode 96. This accounts for the fact that the prior-art 
LED is worse in external quantum efficiency, as one 
problem. 

10 Another problem is that since the wavelength of 

light emission is in the range of 590 nm (yellow) to 550 
nm (green), there will occur light absorption in the AI- 
GaAs current diffusion layer 94. This is attributed to 
the fact that even If Al x Ga v „As was set to a compe- 
ls sition ratio of x=1 that gives the widest bandgap, its 
absorption end would be 574 nm, not allowing the 
lightof shorter wavelengths to pass through the layer. 
In addition. AlAs (corresponding to x=1) is suscept- 
ible to corrosion in air, unsuitable for use as the sur- 

20 face layer. 

Another example of the prior-art AIGalnP series 
LEDs is such as shown in Figs. 3 and 4. Fig. 3 shows 
the surface of the LED and Fig. 4 is a sectional view 
taken along the line IV - IV as indicated by arrows in 

25 Fig. 3. This LED is fabricated in the following way. 
First as shown in Fig. 4, on a surface 1 80 of an n-type 
GaAs substrate 190 are stacked overall an n-type AI- 
GalnP clad layer 191, an undoped AIGalnP light- 
emitting layer 192, a p-type AIGalnP clad layer 193, 

30 a p-type GaAs contact layer 1 94, and a surface elec- 
trode (e.g. AuZn) 195. Next, the stacked surface elec- 
trode 195 and the layers 194, 193, 192, and 191 are 
selectively removed until a substrate surface 190a is 
reached, leaving specified portions to provide mesa 

55 (trapezoidal) portions 200. The pattern of the mesa 
portions 200 (approximately identical to the pattern of 
the surface electrode 195) is, as shown in Fig. 3, pro- 
vided in combination of a pad 1 98 for performing wire- 
bonding, lateral branches 199a and 199b extending 

40 from the pad 1 98, and longitudinal branches 200a 

200h crossing the lateral branches 199a and 199b. 
Thereafter, as shown in Fig. 4, a rear-face electrode 
1 96 is formed on the rear face of the substrate 190. 
Referring to the longitudinal branch 200h in Fig. 

45 4 by way of example, light emitted from the light- 
emitting layer 192 goes out of the LED primarily 
through right and left side faces 201a and 201b of a 
mesa portion 200. This is attributed to the fact that 
the light beams traveling upward and downward will 

so be absorbed into the surface electrode 195 and the 
substrate 190. As will be understood from this, the 
reason the mesa portions 200 are formed on the sub- 
strate surface 1 80 Is to take light out of the LED effi- 
ciently by increasing the area of a light outgoing face 

55 (mesa slant face). 

However, the construction of the mesa portions 
200 is no more than such an arrangement that the lat- 
eral branches 199a and 199b and the longitudinal 
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branches 200a 200h merely cross each other, in- 
volving relatively long longitudinal lengths of the 
branches. On this account, most of the light emitted 
in the longitudinal direction (back and forth in Fig. 4) 

within each of the branches 200a 200h will not 

reach the ends (e.g. an end 201c) of the branches, re- 
sulting in ineffective light emission. As a result, the 
above prior-art LED is not so good in external quan- 
tum efficiency. 

SUMMARY OF THE INVENTION 

The present invention has been developed with 
a view to substantially solving the above described 
disadvantages and has for its essential object to pro- 
vide a light-emitting diode which is capable of improv- 
ing the external quantum efficiency thereof by rela- 
tively reducing ineffective light emission underneath 
^ : a surface electrode and of emitting shorter-wave- 

length light efficiently by omitting a current diffusion 
layer. 

In order to achieve the aforementioned object, 
there is provided a light-emitting diode which has a 
semiconductor layer including a light-emitting layer, 
and a surface electrode successively stacked on a 
surface of a semiconductor substrate and which fur- 
ther has a rear-face electrode on a rear face of the 
substrate, light emitted from the light-emitting layer 
being made to go out through a portion of the semi- 
conductor layer that is not covered with the surface 
electrode, the surface electrode comprising at least 
a pad; first-order branches linearly extending 
from the pad; second-order branches diverged and 
linearly extending from the first-order branches; and 
third-order branches diverged and linearly extending 
from the second-order branches. 

it is preferable that a line width of the branches 
of each order decreases as the number of order in- 
creases. 

It is also preferable that a length of the branches 
of each order decreases at a constant rate as the 
number of order increases. 

It is also preferable that an angle formed by the 
branches having two successive numbers of order is 
0° or 90°. 

Any great current diffusion resistance could be 
compensated only by arranging the surface electrode 
to be not so far from any portion of the light-emitting 
layer. However, merely Increasing the area of the sur- 
face electrode would rather suppress the light from 
going out of the LED. Conversely, narrowing the 
width of the surface electrode to avoid such a case 
would result in an increased wiring resistance at the 
surface electrode. Such contradictory requirements 
can be met by the present Invention to a maximum. 

With the above-described arrangement, since 
the surface electrode provided on the surface of the 
semiconductor layer has the first-order branches ex- 



tending from the pad, the second-order branches ex- 
tending from the first-order branches, and the third- 
order branches extending from the second-order 
branches (even higher-order branches may be pro- 
5 vided), the surface of the semiconductor layer is cov- 
ered with the branches of various orders in a tree-like 
form. This arrangement allows the current to be dif- 
fused throughout the semiconductor layer, with the 
current diffusion resistance substantially reduced. 
10 Accordingly, light emission in the region that is not 
covered with the surface electrode is greater in 
amount relative to ineffective light emission under- 
neath the surface electrode. Consequently, the light 
easily goes out of the LED, which leads to an im- 

1 s proved external quantum efficiency. Furthermore, by 
virtue of the shape of the surface electrode that al- 
lows the current to be sufficiently diffused within the 
semiconductor layer, it is no longer necessary to pro- 
vide an AIGaAs current diffusion layer, for example, 

20 in an AIGalnP series LED of shorter wavelengths 
than that of yellow. Accordingly, the resulting layer 
characteristic is preferable without involving light ab- 
sorption even with shorter-wavelength light In addi- 
tion, this shape of the surface electrode can be ap- 

25 plied to commonly-used AIGaAs-, GaP-, ZnSe-. GaN- 
, and SiC-series LEDs as well as to AIGalnP-series 
LEDs. This contributes to improvement in the charac- 
teristics of various types of LEDs. 

Further, when the line width of the branches of 

30 each order decreases as the number of order increas- 
es, the current diffusion resistance decreases effec- 
tively without causing the area of the part under- 
neath the surface electrode out of the semiconductor 
layer to increase to a considerable extent According- 

35 ly, the external quantum efficiency Is further Im- 
proved. Yet since the line width of lower-order 
branches is relatively wide, the wiring resistance little 
increases. Also, when the line width of the branches 
of each order decreases at a constant rate as the 

40 number of order increases, the surface electrode be- 
comes easy to pattern-design. 

When the length of the branches of each order 
decreases at a constant rate as the number of order 
increases, the surface of the semiconductor layer is 

45 efficiently covered with the branches of various or- 
ders. In other words, the approximately entire region 
of the semiconductor layer surface is covered in a 
tree-like form with almost no higher-order branches 
overlapping with one another. Moreover, since the 

so length of the branches of each order decreases at a 
constant rate as the number of order Increases, the 
surface electrode becomes easy to pattern-design. 

Similarly, when the angle between branches hav- 
ing two successive numbers of orders is 0° or 90°, the 

55 semiconductor layer surface is efficiently covered 
with the branches of various orders. In other words, 
the approximately entire region of the semiconductor 
layer surface is covered in a tree-like form without 
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higher-order branches overlapping with one another. 
Yet the surface electrode becomes easy to pattern- 
design. 

Further, there is provided a light-emitting diode 
which has a semiconductor layer including a light- s 
emitting layer, and a surface electrode successively 
stacked on a surface of a semiconductor substrate 
and which further has a rear-face electrode on a rear 
face of the substrate, light emitted from the light- 
emitting layer being made to go out through a portion 10 
of the semiconductor layer that is not covered with 
the surface electrode, the surface electrode compris- 
ing at least 

a pad; first-order branches linearly extending 
from the pad; second-order branches diverged and 15 
linearly extending from the first-order branches; and 
third-order branches diverged and linearly extending 
from the second-order branches, 

wherein ends of the highest-order branches of 
the surface electrode and the semiconductor layer 20 
are in elecirical contact with each other while the pad 
of the surface electrode and the semiconductor layer 
are electrically isolated from each other. 

It is also preferable that the semiconductor layer 
has, on a surface electrode side, a contact layer made 25 
of a material that makes ohmic contact with the sur- 
face electrode and that an insulating layer is provided 
between portions of the surface electrode other than 
the ends of the surface electrode and the semicon- 
ductor layer. 30 

It is also preferable that the semiconductor layer 
has, on the surface electrode side, a layer made of a 
material that yields a Schottky barrier with respect to 
the surface electrode and moreover has, between the 
layer and the ends of the highest-order branches of 35 
the surface electrode, a contact layer made of a ma- 
terial that makes ohmic contact with the surface elec- 
trode. 

It is also preferable that the semiconductor, layer 
has, on the surface electrode side, a contact layer 40 
made of a material that makes ohmic contact with the 
surface electrode and having a conductive type of p- 
type or n-type, and moreover has, between the con- 
tact layer and the portions of the surface electrode 
other than the ends of the surface electrode, a cur- 45 
rent blocking layer having a conductive type different 
from that of the contact layer. 

It is also preferable that the surface electrode 
comprises an upper electrode provided on the entire 
region occupied by the surface electrode and made 50 
of a material that does not make ohmic contact with 
a surface of the semiconductor layer, and a lower 
electrode provided between the upper electrode and 
the surface of the semiconductor layer at the ends of 
the highest-order branches and made of a material 55 
that makes ohmic contact with the semiconductor 
layer surface. 

It is also preferable that the line width of the 



branches of each order decreases as the number of 
order increases. 

With the above arrangement since the surface 
electrode provided on the semiconductor layer sur- 
face has the first-order branches extending from the 
pad, the second-order branches extending from the 
first-order branches, and the third-order branches ex- 
tending from the second-order branches (even high- 
er-order branches may be provided), the semicon- 
ductor layer surface is covered with the branches of 
various orders in a tree-like form. Moreover, since the 
pad of the surface electrode does not make contact 
with the semiconductor layer thereunder neat h and 
since the surface electrode and the semiconductor 
layer make contact with each other at the ends of the 
highest-order branches, the current is diffused 
throughout the semiconductor layer, with the current 
diffusion resistance substantially decreased. As a re- 
sult of this, light emission in the region that is hot cov- 
ered with the surface electrode is greater in amount 
relative to ineffective light emission underneath the 
surface electrode. For example, as shown in Figs. 15 
(b) and (c) that are views for explaining the function 
of the invention, light beams q, r emitted at intermedi- 
ate points Oust below points M, N) of branches of sur- 
face electrodes 302, 303 are mostly interrupted by 
the electrodes, whereas, as shown In Fig. 15 (a), a 
light beam p emitted at an end of a branch of a surface 
electrode 301 is less Interrupted by the electrode. Ac- 
cordingly, the light easily goes out of the LED, which 
leads to improved external quantum efficiency. Fur- 
thermore, by virtue of the shape of the surface elec- 
trode that allows the current to be sufficiently dif- 
fused within the semiconductor layer, it is no longer 
necessary to provide an AIGaAs current diffusion lay- 
er, for example, in an AJGalnP series LED of shorter 
wavelengths than yellow. Accordingly, the resulting 
layer characteristic is preferable without involving 
light absorption even with shorter-wavelength light. 
In addition, the shape of the surface electrode can be 
applied to commonly-used AIGaAs-, GaP-. ZnSe-, 
GaN-, and SiOseries LEDs as well as to AIGalnP- 
series LEDs. It is effective particularly to ZnCdSe- 
series LEDs that can hardly obtain a low-resistance 
current diffusion layer. 

Also, when the semiconductor layer has, on the 
surface electrode side, a contact layer made of a ma- 
terial that makes ohmic contact with the surface elec- 
trode and further has, between portions of the sur- 
face electrode other than the ends and the semicon- 
ductor layer, an insulating layer, the ends of the high- 
est-order branches of the surface electrode and the 
semiconductor layer make successful electrical con- 
tact with each other through the contact layer, where- 
as the portions of the surface electrode other than 
the ends and the semiconductor layer are electrically 
Isolated from each other by the insulating layer. Ac- 
cordingly the current is injected only at the end por- 
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tions of the surface electrode. As a result of this, as 
described above, the light easily goes out of the LED, 
which leads to further improved external quantum ef- 
ficiency. 

When the semiconductor layer has, on the sur- 5 
face electrode side, a layer made of a material that 
yields a Schottky barrier to the surface electrode and 
moreover has, between the aforementioned layer and 
the ends of the highest-order branches of the surface 
electrode, a contact layer made of a material that 10 
makes ohmic contact with the surface electrode, the 
ends of the highest-order branches of the surface 
electrode and the semiconductor layer make suc- 
cessful electrical contact with each other through the 
contact layer, whereas the portions of the surface is 
electrode other than the ends and the semiconductor 
layer are brought by the Schottky barrier into a state 
in which the current is suppressed from flowing (i.e. 
a state in which the current will not flow unless a cer- 
tain high level of voltage is applied). Accordingly, in 20 
practice, the current is injected only at the end por- 
tions of the surface electrode. As a result, as descri- 
bed above, the light easily goes out of the LED, which 
leads to further improved external quantum efficien- 
cy- 25 

When the semiconductor layer has, on the sur- 
face electrode side, a contact layer made of a material 
that makes ohmic contact with the surface electrode 
and having the conductive type of p-type or n-type, 
and further has the current blocking layer having a 30 
conductive type different from the aforementioned 
contact layer between the contact layer and the por- 
tions of the surface electrode other than the ends, 
the ends of the highest-order branches of the surface 
electrode and the semiconductor layer make sue- 35 
cessful electrical contact with each other through the 
contact layer, whereas the portions of the surface 
electrode other than the ends and the semiconductor 
layer are brought into an electrically non-conducting 
state by the current blocking layer Accordingly, the 40 
current is injected only at the end portions of the sur- 
face electrode. As a result, as described above, the 
light easily goes out of the LED, which leads to further 
improved external quantum efficiency. 

When the surface electrode is composed of the 45 
upper electrode provided on the overall region occu- 
pied by the surface electrode and made of a material 
that makes no ohmic contact with the semiconductor 
layer surface, and a lower electrode provided be- 
tween the upper electrode and the semiconductor 50 
layer surface at the ends of the highest-order 
branches and made of a material that makes ohmic 
contact with the semiconductor layer surface, the 
ends of the highest-order branches of the surface 
electrode and the semiconductor layer make sue- 55 
cessful electrical contact with each other through the 
lower electrode, whereas the portions of the surface 
electrode other than the ends and the semiconductor 



layer are brought into an electrically non-conducting 
state. Accordingly, the current is injected only at the 
end portions of the surface electrode. As a result, as 
described above, the light easBy goes out of the LED, 
which leads to further improved external quantum ef- 
ficiency. 

When the line width of the branches of each or- 
der decreases as the number of order increases, the 
line width of lower-order branches is relatively wide, 
so that the wiring resistance little increases. Also, 
when the line width of the branches of each order de- 
creases at a constant rate as the number of order in- 
creases, the surface electrode becomes easy to pat- 
tern-design. 

Furthermore, there is provided a light-emitting 
diode which has a semiconductor layer including a 
light-emitting layer, and a surface electrode succes- 
sively stacked on a surface of a semiconductor sub- 
strate and which further has a rear-face electrode on 
a rear face of the substrate, light emitted from the 
light-emitting layer being made to go out through a 
portion of the semiconductor layer that is not covered 
with the surface electrode, the surface electrode 
comprising at least 

a pad; first-order branches linearly extending 
from the pad; second-order branches diverged and 
linearly extending from the first-order branches; and 
third-order branches diverged and linearly extending 
from the second-order branches, 

wherein at least part of the semiconductor lay- 
er is provided along a pattern of the surface electrode 
in a protruding mesa shape. 

Further, there is provided a light-emitting diode 
which has a semiconductor layer including a light- 
emitting layer, and a surface electrode successively 
stacked on a surface of a semiconductor substrate 
and which further has a rear-face electrode on a rear 
face of the substrate, light emitted from the light- 
emitting layer being made to go out through a portion 
of the semiconductor layer that is not covered with 
the surface electrode, the surface electrode compris- 
ing at least 

a pad; first-order branches linearly extending 
from the pad; second-order branches diverged and 
linearly extending from the first-order branches; and 
third-order branches diverged and linearly extending 
from the second-order branches, 

wherein protrusions are formed by at least part 
of the semiconductor layer and provided under each 
end of the highest-order branches of the surface 
electrode. 

It is also preferable that the ends of the highest- 
order branches of the surface electrode and the sem- 
iconductor layer are in electrical contact- with each 
other while the rest of the surface electrode and the 
semiconductor layer are not in electrical contact with 
each other. 

The present invention has been developed from 
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the following considerations made by the present in- 
ventors. Referring to Figs. 20(a), (b), (c), (d), (e) and 
(f), which are views for explaining the function of the 
invention, the principle of the present invention is de- 
scribed below. 5 

Figs. 20 (a) and (b) are schematic illustrations of 
a light-emitting diode having a flat semiconductor lay- 
er surface 1 , as viewed from the top and a side there- 
of (for simplicity, a surface electrode is omitted in il- 
lustration). Of the light emitted from a light emission 10 
point L, a light beam p approximately perpendicularly 
incident on the surface 501 goes out of the LED (ac- 
tually, interrupted by the surface electrode). How- 
ever, a light beam q obliquely incident on the surface 
501 is fully reflected and therefore does not go out of is 
the LED, resulting in ineffective light emission. Next, 
Figs. 20 (c) and (d) illustrate a light-emitting diode 
having on its surface a stripe- and mesa-shaped 
branch 502, as in the prior-art LED shown in Figs. 3 
and 4. In this case, of the light emitted from a light 20 
emission point M, not only a light beam r going upward 
but also light beams s, t going sidewise go out of the 
LED. However, as described before, light beams u, v 
that are steered longitudinally of the branch 502 do 
not go out of the LED, resulting in ineffective light 25 
emission. In contrast to this, as shown in Figs. 20 (e) 
and (f), when a branch 503 is diverged in a higher or- 
der, according to the present invention, the length of 
the branch 503 is relatively short. Accordingly, of the 
light emitted from a light emission point N, not only a so 
light beam f steered upward and light beams i, g 
steered sidewise but also a light beam h emitted in the 
longitudinal direction of the branch easily reach an 
end 503a, thus allowed to go out As a result, ineffec- 
tive light emission decreases relative to the prior art, 35 
such that the external quantum efficiency is Im- 
proved to about 1 .5 times. 

When the ends of the highest-order branches of 
the surface electrode and the semiconductor layer 
are in electrical contact with each other while the rest 40 
of the surface electrode and the semiconductor layer 
are not, any portion underneath the ends of the sur- 
face electrode out of the semiconductor layer be- 
comes a light emission point Accordingly, the light 
emitted from the light emission point easily reaches 45 
the light emission face (mesa slant face), which leads 
to a further improved external quantum efficiency. 

It is to be noted that this invention can be applied 
not only to AIGalnP series LEDs but also to common- 
ly-used AIGaAs-, GaP-, ZnSe- (ZnCdSe-), ZnS-, so 
GaN-, SiC-series and other like LEDs. This contri- 
butes to improvement in the characteristics of various 
types of LEDs. 

BRIEF DESCRIPTION OF THE DRAWINGS ss 

The present invention will become more fully un- 
derstood from the detailed description given herein- 



below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not limita- 
tive of the present invention, and wherein: 

Fig. 1 is a sectional view of a prior-art AIGaln ser- 
ies LED; 

Fig. 2 is a plan view showing the prior-artAIGalnP 
series LED; 

Fig. 3 is a view showing a surface of a prior-art 
AIGalnP series LED; 

Fig. 4 is a sectional view of the prior-art AIGalnP 
series LED; 

Fig. 5 is a view showing a surface electrode pat- 
tern of an AIGalnP series LED according to a first 
embodiment of the present invention; 
Fig. 6 is a sectional view of the LED; 
Fig. 7 is a view showing a surface electrode pat- 
tern of an AIGaAs series LED according to a sec- 
ond embodiment of the invention; 
Fig. 8 is a sectional view of the LED; 
Fig. 9 is a view showing a surface electrode pat- 
tern of an AIGalnP series LED according to a third 
embodiment of the invention; 
Fig. 1 0 is a view showing a surface of an AIGalnP 
series LED according to a fourth embodiment of 
the invention; 

Figs. 1 1 (a), (b), (c), and (d) are views showing the 
process for fabricating the LED; 
Figs. 12 (a), (b), and (c) are views showing a sur- 
face and a cross section of a ZnCdSe series LED 
according to a fifth embodiment of the invention; 
Figs. 13 (a), (b), and (c) are views showing a sur- 
face and a cross section of an AIGalnP series 
LED according to a sixth embodiment of the in- 
vention; 

Figs. 14 (a) and (b) are views showing a surface 
main-part and a cross section of an AIGalnP ser- 
ies LED according to a seventh embodiment of 
the invention; 

Figs. 15 (a), (b), and (c) are views for explaining 
the function of the fourth to seventh embodi- 
ments of the invention; 

Fig. 16 is a view showing a surface of an AIGalnP 
series LED according to an eighth embodiment of 
the invention; 

Figs. 17 (a), (b), (c), (d). (e), (f), (g). and (h) are 
views showing the process for fabricating the 
LED; 

Figs. 18 (a), (b), and (c) are views showing the 
surface and a cross section of a ZnCdSe series 
LED according to a ninth embodiment of the in- 
vention; 

Figs. 19 (a), (b), and (c) are views showing a sur- 
face and a cross section of an AIGalnP series 
LED according to a tenth embodiment of the in- 
vention; and 

Figs. 20 (a), (b), (c), (d), (e), and (f) are views for 
explaining the function of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

5 

Figs. 5 and 6 illustrate a surface and a cross sec- 
tion, respectively, of an AIGalnP 9eries LED accord- 
ing to a first embodiment of the invention. As shown 
in Fig. 5, an LED surface 30 has an electrode 1 6. The 
electrode 1 6 has in its center a circular pad 1 8 of spe- 10 
cified size for performing wire-bonding. From this pad 
18, first-order branches 19a, 19b, 19c, and 19d are 
extending linearly in the diagonal directions. The first- 
order branches 19a, 19b, 19c, and 19d are identical 
to one another in both line width and length. Second- 15 
order branches 20a, 20b, and 20c are diverged and 
extending from the ends of the first-order branches 
1 9a, 1 9b, 1 9c, and 1 9d In three directions, respective- 
ly. The angle formed by the first-order and each of 
second-order branches is 0 Q ~or 90°. It is noted that, 20 
in actual design, there are unshown imaginary sec- 
ond-order branches which overlap the first-order 
branches 19a, 19b, 19c, and 19d. The second-order 
branches 20a, 20b, and 20c are identical to one an- 
other in line width and length, each being half the line 25 
width and both length of the first-order branches. 
Also, from the ends of the second-order branches 
20a, 20b, and 20c, third-order branches 21 a, 21 b, and 
21c branch and extend linearly In three directions, re- 
spectively. The angle formed by the second-order 30 
and each of third-order branches is 0° or 90°. Also, 
the third-order branches 21a, 21b, and 21c are iden- 
tical to one another in line width and length, each be- 
ing half the line width and length of the second-order 
branches. It is noted that the reason why other third- 35 
order branches are extending from intermediate 
points of the first-order branches 19a, 19b, 19c, and 
1 9d is that there are unshown second-order branches 
which overlap the first-order branches 19a, 19b, 19c, 
and 19d. Further, from the ends of the third-order 40 
branches 21a, 21b, and 21c, fourth-order branches 
22a, 22b, and 22c are extending linearly in three di- 
rections, respectively. The angle formed by the third- 
order and each of fourth-order branches is 0* or 90°. 
The fourth-order branches 22a, 22b, and 22c are 45 
identical to one another in line width and length, each 
being half the line width and length of the third-order 
branches 21a, 21b t and 21c. 

As shown above, the electrode 16 has the same 
number of branches at any divergence, thus being of so 
a self-similar configuration, namely fractal configur- 
ation, in which the relationship between adjoining 
lower- and higher-order branches is that X'-shaped 
four ends each have another half-in-length X com- 
bined therewith in regular, analogous fashion. Ac- 55 
cordingly, pattern designing can be easily made. 
Moreover, the approximately entire region of a semi- 
conductor chip surface 30 can be covered in a tree- 



like form without causing higher-order branches to 
overlap with one another. Furthermore, since lower- 
order branches are wired at relatively larger widths, 
the wiring resistance can be suppressed to lower 
ones. This is due to the fact that the lower the number 
of order, the larger the amount of current flowing 
therethrough. However, if the wiring resistance is 
small enough for a narrow wiring width, there is no 
need of broadening the wiring width. 

As shown in Fig. 6, the electrode 16 is provided 
on the surface 30 of an AIGalnP series semiconduc- 
tor chip, as described later. This LED is fabricated in 
the following way. First, over all on a rear face of an 
n-type GaAs substrate 10 are formed successively an 
n-type AIGalnP clad layer 11, an undoped light- 
emitting layer 12, a p-type AIGalnP clad layer 1 3, a p- 
type AIGaAs contact layer 14, a p-type GaAs contact 
layer 15, and an electrode 16, by the MOCVD (Metal 
Organic Chemical Vapor Deposition) method. Next, 
by photolithography, the eiectrode 16 is patterned by 
removing its part together with the contact layers 14 
and 15 so as to be shaped as shown in Fig. 5. There- 
after, an electrode 17 is also formed on the rear face 
of the substrate 10. It is to be noted that the p-type 
AIGaAs contact layer 14 is provided only underneath 
the electrode 16, unlike the prior art, the layer 14 not 
serving as a current diffusion layer. 

As stated above, since the AIGalnP series LED 
has the semiconductor chip surface 30 covered with 
the electrode 16 in a tree-like form, the current can 
be diffused throughout the semiconductor chip even 
without providing a current diffusion layer, allowing 
the current diffusion resistance to be decreased sub- 
stantially. Accordingly, light emission in a region 30a 
that Is not covered with the electrode 16 can be made 
greater in amount relative to ineffective light emission 
underneath the electrode 16. As a result, the light 
easily goes out of the LED, which leads to improved 
external quantum efficiency. Also, by virtue of the ar- 
rangement that no current diffusion layer is provided, 
even shorter-wavelength light could be free from 
light absorption. In actual characteristic measure- 
ment, the light emission wavelength was 570 nm (yel- 
lowish green) and the external quantum efficiency 
was 1.5%. 

The pad 1 6 may also be positioned at a peripheral 
part, without being limited to the center, of the chip 
surface 30. 

The pattern configuration of the electrode 16 
may also be formed by the so-called mask deposition 
(deposition using a metal mask having an opening 
identical in shape to the electrode 1 6), not by etching. 

The material of the LED is not limited to AIGalnP, 
but may be a III - V group compound semiconductor 
such as AIGaAs, GaAsP, GaP, AIGaN, and GalnAsP, 
a II - VI group compound semiconductor such as 
ZnCdSSe and ZnCdSeTe, or a chalcopyrite series 
semiconductor such as CuAISSe and CuGaSSe. 
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The material of the substrate is not limited to 
GaAs, but may be GaP, InP, sapphire, or the like, eith- 
er transparent or opaque with respect to light emis- 
sion wavelength. The conductive type of the sub- 
strate may be either n-type or p-type. 5 

Although the electrode 16 having branches on 
the side of the semiconductor chip surface 30 side 
has been provided In this embodiment, branches are 
further provided also to the rear-face electrode 1 7 on 
the rear face of the substrate when a substrate trans- 10 
parent with respect to light emission wavelength is 
used. This arrangement allows the outgoing light ef- 
ficiency to be further improved. 

The junction of the interface of the light-emitting 
layer 12 is not limited to the double-hetero junction, 15 
but may be a single-hetero junction or a homo junc- 
tion. 

Although the semiconductor layers 11, .... 15 
have been formed by the MOCVD (Metal Organic • 
Chemical Vapor Deposition) method, yet they may be 20 
also by the MBE (Molecular Beam Epitaxy). VPE (Va- 
por Phase Epitaxy), LPE (Liquid Phase Epitaxy), or 
other like methods. The pn Junction may be formed 
either during the crystal growth or by diffusing the do- 
pant after crystal growth. 25 

(Second Embodiment) 

Figs. 7 and 8 illustrate a surface and a cross sec- 
tion, respectively, of an AIGaAs series LED according 30 
to a second embodiment of the invention. As shown 
In Fig. 7, an electrode 45 provided on a semiconductor 
chip surface 60, as described later, has an approxi- 
mately circular pad 48, first-order branches 49a and 
49b linearly extending from the pad 48, second-order 35 
branches 50a and 50b, third-order branches 51a and 
51b, fourth-order branches 52a and 52b, fifth-order 
branches 53a and 53b, and sixth-order branches 54a 
and 54b. The branches form a fractal configuration in 
which 'H'-shaped four ends each have another half- 40 
in-length 'H' repeatedly combined therewith. In this 
example, various-order branches are formed by lines 
parallel to four side lines of a square semiconductor 
chip, thus facilitating the pattern designing. 

As shown In Fig. 8, the electrode 45 is provided 45 
on the AIGaAs series semiconductor chip surface 60. 
To fabricate this semiconductor chip, first on an n-ty- 
pe GaAs substrate 40 are formed an n-type AIGaAs 
layer 41 , a p-type AIGaAs light-emitting layer 42, a p- 
type AIGaAs layer 43. and a p-type GaAs contact lay- so 
er44. Subsequently an electrode 45 is formed on the 
surface of the chip and an electrode 46 on the rear 
face thereof, all over. Then the contact layer 44 and 
theelectrode 45 are patterned by etching part of them 
so as to be shaped as shown in Fig. 7. 55 

Since this AIGaAs series LED has the semicon- 
ductor chip surface 60 covered with the electrode 45 
in a tree-Jike form, the external quantum efficiency 



can be improved, as in the first embodiment. Also, 
since no current diffusion layer is provided, even 
shorter-wavelength light could be free from light ab- 
sorption. 

(Third Embodiment) 

Fig. 9 illustrates a surface of an AIGalnP series 
LED according to the third embodiment of the inven- 
tion. An electrode 75 provided on a semiconductor 
chip surface 70 has an approximately circular pad 78, 
first-order branches 79a and 79b, second-order 
branches 80a, 80b, 80c, 80d, and 80e, third-order 
branches 81a, 81b, 81c, 81d, 81e, 81f, 81g, 81h, and 
81i diverged from the second-order branches 80a, ... 
80e, and fourth-order branches 82a, 82b, 82c, and 

82d diverged form the third-order branches 81a 

81 i. In more detail, first-order branches 79a and 79b 
are provided on a line AB parallel to a side face 71 and: 
passing through the pad 78, and then five second-or- 
der branches 80a 80e are provided perpendicu- 
larly to the first-order branches 79a and 79b. Further, 
nine third-order branches 81a, .... 811 are provided 
perpendicularly to the second-order branches 
80a 80e. H is noted that these third-order branch- 
es are actually not formed at portions where they 
overlap the pad 78 or the first-order branches 79a 
and 79b. Furthermore, fourth-order branches 
82a, .... 82d are provided perpendicularly to the third- 
order branches 81a 811. The above-mentioned 

various-order branches are particularly made thicker 
at portions on the pad 78 side where a greater 
amount of current flows. This embodiment is, in its 
narrow sense, not fractal because the number of 
branches differs depending on the number of order 
for divergence, but the design concept is rather frac- 
tal. 

The internal structure of this AIGalnP series LED 
is similar to that of the first embodiment, its descrip- 
tion being omitted. Since the AIGalnP series LED has 
the semiconductor chip surface 70 covered with the 
electrode 75 in a tree-like form, the external quantum 
efficiency can be improved as in the first and second 
embodiments. Further, since no current diffusion lay- 
er is provided, even shorter-wavelength light could 
be free from light absorption. 

As apparent from the above description, since 
the light-emitting diodes of the first to third embodi- 
ments are so arranged that the electrode provided on 
the semiconductor chip at least has a pad, first-order 
branches linearly extending from the pad, second-or- 
der branches diverged and linearly extending from 
the first-order branches, and third-order branches 
further diverged and linearly extending from the sec- 
ond-order branches, a semiconductor chip surface 
can be covered with the varlousorder branches in a 
tree-like form, allowing the current diffusion resis- 
tance to be substantially reduced. Accordingly, light 
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emission In the region that is not covered with the 
electrode can be greater in amount relative to ineffec- 
tive light emission underneath the electrode, which 
leads to improved external quantum efficiency. Yet 
further, the current diffusion layer can be omitted, 5 
thus allowing even shorter-wavelength light to go out 
at high efficiency. 

When the line width of the various-order branch- 
es decreases at a constant rate as the number of or- 
der increases, the current diffusion resistance can be w 
decreased effectively without much increasing the 
area underneath the electrode out of the semicon- 
ductor chip surface, which leads to further improved 
external quantum efficiency. Furthermore, wiring re- 
sistance can be suppressed from increasing, and the is 
electrode pattern can be easily designed. 

When the length of the various-order branches 
decreases at a constant rate as the number of order 
increases, higher-order branches -can be prevented 
from overlapping with one another, so that the sem- 20 
iconductor chip surface can be approximately entirely 
covered in a tree-like form. Yet further the electrode 
pattern can be easily designed. 

Similarly, when the angle formed by every adja- 
cent branches is 0° or 90°, higher-order branches can 25 
be prevented from overlapping with one another, so 
that the semiconductor layer surface can be approx- 
imately entirely covered in a tree-like form. Yet further 
the electrode pattern can be easily designed. 

30 

(Fourth Embodiment) 

Fig. 10 illustrates a surface of an AIGalnP series 
LED according to a fourth embodiment of the inven- 
tion. As shown in Figs. 10 and 11, on a semiconductor 35 
substrate 310 there are provided a semiconductor 
layer 331 including a light-emitting layer, and a sur- 
face electrode 316. The surface electrode 316 has in 
its center an approximately rectangular pad 318 for 
wire bonding. From this pad 31 8, first-order branches 40 
319a, 319b, 319c, and 31 9d are extending linearly in 
diagonal directions. The first-order branches 319a, 
319b, 319c, and 31 9d are identical to one another in 
line width and length. From the ends of the first-order 
branches 319a, 319b, 319c, and 31 9d, second-order 45 
branches 320a, 320b, and 320c are diverged and ex- 
tending in three directions, respectively. The angle 
formed by the first-order and each of second-order 
branches is 0° or 90°. It is noted that, in actual design, 
there are unshown second-order branches which so 
overlap the first-order branches 319a, 319b, 319c, 
and 31 9d. The second-order branches 320a, 320b, 
and 320c are identical to one another in line width and 
length, each being half the line width and length of 
the first-order branches. Also, from the ends of the 55 
second-order branches 320a, 320b, and 320c, third- 
order branches 321a, 321b, and 321c are diverged 
and extending linearly in three directions, respective- 

9 



ly. The angle formed by the second-order and each 
of third-order branches is 0* or 90°. Also, the third- 
order branches 321a, 321b, and 321c are identical to 
one another in line width and length, each half the 
line width and length of the second-order branches. 
It is noted that the reason why other third-order 
branches are extending from intermediate points of 
the first-order branches 319a, 319b, 319c, and 319d 
is that there are unshown ends of second-order 
branches which overlap the first-order branches 
31 9a, 319b, 319c, and 31 9d. At the ends of the third- 
order branches 321a, 321b, and 321c there are pro- 
vided contact portions 322a, 322b, and 322c for mak- 
ing ohmic contact with an underlying semiconductor 
layer 331. Meanwhile, the rest of the surface elec- 
trode 316 other than the contact portions 322a, 322b, 
and 322c is in no electrical contact with the semicon- 
ductor layer 331 (due to an Al 2 0 3 insulating layer 15, 
later described). . .' V" T~~~^ 

As shown above, the surface electrode 316 has 
the same number of branches at any divergence, 
thus being of a self-similar configuration, namely frac- 
tal configuration, in which the relationship between 
adjoining lower- and the higher-order branches is 
that 'X'-shaped four ends each have another ha!f-in- 
length 'X* combined therewith in regular, analogous 
fashion. Accordingly, pattern designing can be easily 
made. Moreover, the approximately entire region of 
the surface 330 of the semiconductor layer 331 can 
be covered in a tree-like form without causing higher- 
order branches to overlap with one another. Further- 
more, since lower-order branches are wired at rela- 
tively larger widths, the wiring resistance can be sup- 
pressed to lower ones. This is due to the fact that the 
lower the number of order, the larger the amount of 
current flowing therethrough. 

Figs. 11 (a) to (d) illustrate the process for fabri- 
cating the LED. Figs. 11 (a) and (c) depict part of the 
semiconductor layer surface 330 (specifically, the vi- 
cinity of the end of a second-order branch 320b) by 
way of example while Figs. 11 (b) and (d) depict cross 
sections taken along the lines B - B and D - D in Figs. 
11 (a) and (c), respectively. This LED Is fabricated in 
the following way. 

(1) First, as shown In Figs. 11 (a) and (b), on an 
n-type GaAs substrate 310 are deposited over all 
an n-type AIGalnP clad layer 311 , an undoped AI- 
GalnP light-emitting layer 312, a p-type AIGalnP 
clad layer 313, a p-type GaAs contact layer 314, 
successively, by the MOCVD (Metal Organic 
Chemical Vapor Deposition) method, and more- 
over formed an Al 2 0 3 insulating layer 31 5. A sem- 
iconductor layer 33 1 is composed of t hose layers 
311, 312, 313 and 314. Then, by photolithogra- 
phy, openings 315a, 315b, and 315c are formed 
at specified points of the Al 2 0 3 Insulating layer 
315. 

(2) Next, as shown in Figs. 11 (c) and (d), a sur- 
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face electrode 316 is deposited over all on the 
product of step (1) and subsequently, by per- 
forming photolithography and etching, the sur- 
face electrode 316, the Al 2 0 3 insulating layer 
315, and the p-type GaAs contact layer 314 are 5 
patterned into the fractal configuration as previ- 
ously described. The etching may be either wet 
etching or RIBE (Reactive Ion-Beam Etching). By 
doing this, the surface electrode 316 and the p- 
type contact layer 314 (therefore, the semicon- 10 
ductor layer 331) are put into ohmic contact with 
each other at the contact portions 322a, 322b, 
and 322c through the openings 315a, 315b, and 
315c. In the region of the surface electrode 316 
other than the contact portions 322a, 322b, and is 
322c, on the other hand, the surface electrode 
316 and the semiconductor layer 331 are electri- 
cally isolated from each other by the AJ 2 0 3 insu- 
lating layer 315. It Is noted that the p-type GaAs — 
contact layer 31 4 is provided only underneath the 20 
surface electrode 316, not serving as a current 
diffusion layer. 

(3) Finally, a rear-face electrode 317 is formed 
over all on the rear face of the substrate 310 (the 
fabrication completed). 25 
As stated above, this AIGalnPseries LED has the 
semiconductor layer surface 330 covered with the 
surface electrode 316 in a tree-like form. Moreover, 
the surface electrode 316 and the semiconductor lay- 
er 331 are put into electrical contact with each other 30 
through the contact portions 322a, 322b, and 322c at 
the ends of the third-order (highest-order) branches 
321a, 321b, and 321c, while the surface electrode 
316 and the semiconductor layer 331 are electrically 
isolated from each other at the rest of the surface 35 
electrode 316 other than the ends thereof. Thus, the 
current can be diffused throughout the semiconduc- 
tor layer without providing a current diffusion layer, al- 
lowing the current diffusion resistance to be de- 
creased substantially. As a result of this, light emis- 40 
sion in the region that is not covered with the surface 
electrode 316 can be made greater in amount relative 
to ineffective light emission underneath the electrode 
316. Accordingly, the light easily goes out of the LED, 
which leads to improved external quantum efficiency. 45 
Also, by virtue of the arrangement that no current dif- 
fusion layer Is provided, even shorter-wavelength 
light could be free from light absorption. In actual 
characteristic measurement, the light emission wave- 
length was 570 nm (yellowish green) and the external 50 
quantum efficiency was 2.0%. 

It is noted that although the contact portions 
322a, 322b, and 322c have been provided in this em- 
bodiment only at the ends of t he t hird-order branches 
321a, 321b, and 321c, yet they are not limited to this. 55 
For example, they may be provided also at Intermedi- 
ate points of the second-order branches 320a, 320b, 
and 320c as shown in Fig. 1 0. In this case, the current 



- light conversion efficiency itself slightly lowers, but 
a large amount of current is allowed to flow so t hat the 
total amount of light emission per semiconductor layer 
can be increased. 

Although the width of the contact portions 322a, 
322b, and 322c has been made narrower than that of 
the third-order branches 321 a, 321 b, and 321c in this 
embodiment (Fig. 11 (c)), it is not limited to this but 
may be wider conversely. In such a case, the electri- 
cal resistance at the contact portions can be reduced. 

The pad 318 may also be positioned at a periph- 
eral part, without being limited to the center, of the 
semiconductor layer surface 330. 

The pattern configuration of the surface elec- 
trode 316 may also be formed by the so-called mask 
deposition (deposition using a metal mask having 
openings identical In shape to the surface electrode 
316), not by etching. 

The material of the LED is not limited to AIGalriP, 
but may be a III - V group compound semiconductor 
such as AIGaAs, GaAsP, GaP, AIGaN, and GalnAsP, 
a II - VI group compound semiconductor such as 
ZnSe, ZnCdSSe, and ZnCdSeTe. or a chalcopyrite 
series semiconductor such as CuAJSSe and Cu- 
GaSSe. 

The material of the substrate is not limited to 
GaAs, but may be GaP. InP. sapphire, or the like, eith- 
er transparent or opaque with respect to light emis- 
sion wavelength. The conductive type of the sub- 
strate may be either n-type or p-type. 

Although the surface electrode 316 having 
branches on the semiconductor layer surface 330 
side has been provided in this embodiment, branches 
are further provided also to the rear-face electrode 
317 when a substrate transparent with respect to light 
emission wavelength is used. This arrangement al- 
lows the light outgoing efficiency to be further im- 
proved. 

The junction of the interface of the light-emitting 
layer 312 is not limited to the double-hetero junction, 
but may be a single-hetero junction or a homo junc- 
tion. 

The material of the insulating layer 315 is not lim- 
ited to Al 2 0 3 , but may also be Si0 2 or Si 3 N 4 or the like. 

Although the semiconductor layers 311 315 

have been formed by the MOCVD (Metal Organic 
Chemical Vapor Deposition) method, yet they may be 
also by the MBE (Molecular Beam Epitaxy), VPE (Va- 
por Phase Epitaxy), LPE (Liquid Phase Epitaxy), or 
other like methods. The pn-junction may be formed 
either during the crystal growt h or by diffusing t he do- 
pant after crystal growth. 

Furthermore, as the material of the surface elec- 
trode (p-slde electrode) 316 are available AuZn, InAu, 
Cr/Au, mo/Au, Ti/Pt/Au, Au, Al, In. ITO (indium tin ox- 
ide), In0 2 , Sn0 2 , and their stacked films. As the ma- 
terial of the rear-face electrode (n-side electrode) 
31 7. on the other hand, are available AuGe/Ni, AuSn, 
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AuSi, mo/Au, Au, Al, In, ITO and their stacked films. 
(Fifth Embodiment) 

Fig. 12 illustrates a ZnCdSe series LED accord- 
ing to a fifth embodiment of the Invention. Fig. 12(a) 
shows the whole surface of the LED while Fig. 12 (b) 
shows part thereof (electrode end) by way of exam- 
ple. Further, Fig. 12 (c) is a sectional view taken along 
the line C - C in Fig. 12 (b). 

As shown in Fig. 1 2 (a), this LED has on a surface 
350 of a chip a semiconductor layer 351 including a 
light-emitting layer, and a surface electrode 347. The 
surface electrode 347 has, as its pattern, an approx- 
imately rectangular pad 352, first-order branches 
353a and 353b linearly extending from the pad 352, 
second-order branches 354a and 354b, third-order 
branches 355a and 355b, fourth-order branches 
356a and 356b, fifth-order branches 357a and 357b, 
and sixth-order branches 358a and 358b. The vari- 
ous-order branches form a fractal configuration in 
which 'H'-shaped four ends each have another half- 
in-length 'H' repeatedly combined therewith. In this 
example, the various-order branches are formed by 
lines parallel to four side lines of the chip of square, 
thus facilitating the pattern designing. Further, the 
approximately entire region of the chip surface 350 
can be covered in a Iree-like form without causing 
higher-order branches to overlap with one another. It 
is noted that sixth-order branches arranged in the vi- 
cinity of the pad 52 In actual design are omitted here. 
At the ends of the sixth-order branches 358a and 
358b, there are provided contact portions 359a and 
359b for making ohmic contact with the underlying 
semiconductor layer 351. Meanwhile, the rest of the 
surface electrode 347 other than the contact portions 
359a and 359b is in a state in which a Schottky barrier 
are yielded on the surface of the semiconductor layer 
351. 

This LED is fabricated in the following way. 

(1) First, as shown in Fig. 12 (c), on an n-type 
GaAs substrate 340 are deposited an n-type In- 
GaAs buffer layer 341 , an n-type ZnSe clad layer 
342, an undoped ZnCdSe strained quantum well 
light-emitting layer 343, a p-type ZnSe dad layer 
344, a p-type AIGaAs contact layer 345, and a p- 
type GaAs contact layer 346, successively, by 
the MBE method. These layers 341, 342, 343, 
344, 345 and 346 constitute a semiconductor lay- 
er 351. 

(2) Next, by performing photolithography and 
etching, portions corresponding to the contact 
portions 359a and 359b out of the contact layers 
345 and 346 are left while the p-type ZnSe clad 
layer 344 is exposed to the chip surface 350. 

(3) Next, a surface electrode 347 is formed on the 
surface of the semiconductor layer 351 and a 
rear-face electrode 348 is on the rear face of the 



substrate 340, over all. Then the surface elec- 
trode 347 is partially etched into the pattern so as 
to be of the fractal configuration as shown in Fig. 
12 (the fabrication completed). As a result, only 
5 the end portions of the sixth-order (highest-or- 

der) branches 358a and 358b of the surface elec- 
trode 347 are put into ohmic contact with the 
semiconductor layer 351, the rest other than the 
ends being finished into a state in which a Schott- 
10 ky barrier are yielded for the semiconductor layer 

351 (p-type ZnSe dad layer 344). 
As stated above, since the ZnCdSe series LED 
has the chip surface 350 covered with the surface 
electrode 347 in a tree-like form, the external quan- 
ts turn efficiency can be improved. Further, since the 
end portions of the sixth-order (highest-order) 
branches 358a and 358b and the semiconductor lay- 
er 351 are put into successful ohmic contact with each 
other through the contact portions 359a and 359b. 
20 while the rest other than the end portions and the 
semiconductor layer 351 are brought into a state in 
which the current is suppressed from flowing by the 
Schottky barrier (i.e. a state in which current will not 
flow unless a certain high level of voltage is applied), 
25 the current can be injected only at the end portions 
of the surface electrode 351. Accordingly, the light 
easily goes out of the LED, which leads to further im- 
proved external quantum efficiency. Also, by virtue of 
the arrangement that nocurrentdiffusion layer is pro- 
30 vided, even shorter- wavelength light could be free 
from light absorption. 

The material of the substrate is not limited to 
GaAs, but may be ZnSe or the like, either opaque or 
transparent with respect to light emission wave- 
35 length. The conductive type of the substrate may be 
either n-type or p-type. 

The material of the LED is not limited to ZnCdSe, 
but may be a III - V group compound semiconductor 
such as AIGalnP, AIGaAs, GaAsP, GaP, AIGaN, and 
40 GalnAsP, a II - VI group compound semiconductor 
such as ZnSe, ZnCdSSe, and ZnCdSeTe, or a chal- 
copyrite series semiconductor such as CuAISSe and 
CuGaSSe. 

Although the light-emitting layer 343 has been 
45 formed from Zn^CdxSe (x=0.2) in this embodiment, 
the value of x is not particularly limited to this. It may 
be, for example, ZnSe of x=0. Also, the light-emitting 
layer may be of ZnSe/ZnCdSe multiple-quantum-well 
structure. 

so Although the buffer layer 341 has been formed 

from n-type InGaAs in this embodiment, it may also 
be from an n-type ZnSSe or n-type ZnS/ZnSe strained 
layered super lattice layer. 

Further, although the semiconductor layers 

55 341, 345 have been formed by the MBE method 
in this embodiment, yet they may be formed also by 
MOCVD, VPE, LPE, or other like methods. The pn- 
junctlon may be formed either during the crystal 
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growth or by diffusing the dopant after crystal growth. 

(Sixth Embodiment) 

Fig. 13 illustrates an AIGalnP series LED accord- 5 
ing to a sixth embodiment of the invention. Fig. 13(a) 
depicts the entire surface of the LED and Fig. 13 (b) 
shows its part (electrode end) by way of example. Fig. 
13 (c) depicts a cross section taken along the line C 
-C in Fig. 13(b). w 

As shown in Fig. 13 (a), this LED presents on a 
surface 390, a semiconductor layer 391 including a 
light-emitting layer, and a surface electrode 376. The 
surface electrode 376 has, as its pattern, an approx- 
imately rectangular pad 381, first-order branches is 
382a and 382b, second-order branches 383a, 383b, 
383c, 383d, 383e, 383f, 383g, and 3B3h, and third- 
order branches 384a, 384b, 384c, 384d, 384e, 384f, 
384g, and 384 h diverged from the second-order 
branches 383a, 383h. More specifically, the sur- 20 
face electrode 376 has first-order branches 382a and 
382b on a line parallel to side faces of the LED and 
passing through the pad 381. eight second-order 
branches 383a 383h perpendicular to the first- 
order branches 382a and 382b, and further eight 25 
third-order branches 384a, .... 384h perpendicular to 
the second-order branches 383a, .... 383h. ft is noted 
that the third-order branches are actually not formed 
at portions where they overlap the pad 381 . The low- 
er the number of order of branches, the larger the line 30 
width of the various-order branches. It is because 
that the lower the number of order of branches, the 
larger the amount of current flowing therethrough. In 
this embodiment, the configuration is, in its narrow 
sense, not fractal because the number of branches 35 
differs depending on the number of order for diver- 
gence, but the design concept is rather fractal. At the 
ends of the third-order branches 384a, 384h, 

there are provided contact portions 385a 385h for 

making ohmic contact with the underlying semicon- 40 
ductor layer 391. Meanwhile the rest of the surface 
electrode 376 other than the contact portions 

385a 385h is not in electrical contact with the 

semiconductor layer 391. 

This LED is fabricated in the following way. 45 

(1) First, as shown in Figs. 13 (c), on an n-type 
GaAs substrate 370 are deposited over all an n- 
type AIGalnP clad layer 371 , an undoped AIGalnP 
light-emitting layer 372, a p-type AIGalnP clad 
layer 373, a p-type GaAs contact layer 374, an n- so 
type GaAs current blocking layer 375, succes- 
sively, by the MOCVD (Metal Organic Chemical 
Vapor Deposition) method. These layers 371, 
372, 373, 374 and 375 are included in a semicon- 
ductor layer 391. 55 

(2) Next, by performing photolithography and 
etching, an opening 375a is formed at a specified 
point of the n-type GaAs current blocking layer 



375. 

(3) Then, after a surface electrode 376 is depos- 
ited over all on the product of steps (1) and (2), 
unshown photoresist is provided on the surface 
electrode 376 and thereafter, by performing pho- 
tolithography and etching, the surface electrode 
376, the n-type GaAs current blocking layer 375, 
and the p-type GaAs contact layer 374 are pat- 
tern processed into the fractal configuration as 
previously described. The etching may be either 
wet etching or RIBE (Reactive Ion-Beam Etch- 
ing). By doing this, the surface electrode 376 and 
the p-type contact layer 374 (therefore, the sem- 
iconductor layer 391) are put into ohmic contact 
with each other at the contact portion 385 
through the opening 375a. In the region of the 
surface electrode 376 other than the contact por- 
tion 385, on the other hand, the surface elec- 
trode 376 and the semiconductor layer 391 are 
prevented from conducting therebetween by the 
n-type GaAs current blocking layer 375 different 
in conductive type. It is noted that the p-type 
GaAs contact layer 374 is provided only under- 
neath the surface electrode 376, not serving as 
a current diffusion layer. 

(4) Finally, a rear-face electrode 377 is formed 
over all on the rearface of the substrate 370 (the 
fabrication completed). 

As stated above, since this AIGalnP series LED 
has the surface 390 of the semiconductor layer 391 
covered with the surface electrode 376 in a tree-like 
form, as in the fourth and fifth embodiments, the cur- 
rent can be diffused throughout the semiconductor 
layer 391 without providing a current diffusion layer, 
allowing the current diffusion resistance to be re- 
duced substantially. Moreover, the surface electrode 
376 and the semiconductor layer 391 are put into oh- 
mic contact with each other through the contact por- 
tions 385a, .... 385h at the ends of the third-order 

(highest-order) branches 384a 384h. while the 

rest of the surface electrode 376 other than the con- 
tact portions 385a 385h and the semiconductor 

layer 391 are prevented from conducting therebetw- 
een by the current blocking layer 375. As a result of 
this, light emission in the region that is not covered 
with the surface electrode 376 can be made greater 
in amount relative to ineffective light emission under- 
neath the surface electrode 376. Accordingly, the 
light easiiy goes out of the LED, which leads to im- 
proved external quantum efficiency. Also, by virtue of 
thearrangementthatnocurrentdiffusionlayeris pro- 
vided, even shorter-wavelength light could be free 
from light absorption. Further, the process of forming 
the insulating layer can be omitted, advantageously 
compared with the fourth embodiment. 
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(Seventh Embodiment) 

Fig. 14 illustrates an AIGalnP series LED accord- 
ing to a seventh embodiment of the invention. Fig. 14 
(a) depicts part of the surface of the LED (electrode 
end) and Fig. 14 (b) depicts a cross section taken 
along the line B - B in Fig. 14 (a). This LED presents, 
on its surface 830, a semiconductor layer 831 includ- 
ing a light-emitting layer, and a surface electrode 816 
of the same pattern as the surface electrode 316 in 
the fourth embodiment (in addition, for simplicity the 
overall view of the surface of the LED is omitted). At 
the end of a third-order branch 806 there is provided 
a contact portion (lower electrode) 805 for making oh- 
mic contact with the underlying semiconductor layer 
831 . Meanwhile the rest of the surface electrode 81 6 
other than the contact portion 805 is not in electrical 
contact with the semiconductor layer 831. 

This LED is fabricated in the following way. : ; 

(1) First, on an n-type GaAs substrate 800 are de- 
posited overall an n-type AIGalnP clad layer 801 , 
an undoped AIGalnP light-emitting layer 802, a p- 
type AIGalnP clad layer 803, a p-type GaAs con- 
tact layer 804, successively, by the MOCVD 
(Metal Organic Chemical Vapor Deposition) 
method. These layers 801, 802 804 consti- 
tute a semiconductor layer 831 . 

(2) Next, an AnZn layer is deposited on the prod- 
uct of step (1 ) as the material of the contact por- 
tion 805 and the AnZn layer is processed Into a 
rectangular pattern having a narrower width than 
the end of the surface electrode 816. Subse- 
quently, through heat treatment, the p-type 
GaAs contact layer 804 and the contact layer 805 
are put into ohmic contact with each other. 

(3) After depositing an Al layer on the product of 
step (2) as the material of the surface electrode 
81 6, the Al layer (upper electrode) and the p-type 
GaAs contact layer 804 are simultaneously pat- 
terned into the fractal configuration similar to that 
in the fourth embodiment, by performing photo- 
lithography and etching. By doing this, the sur- 
face electrode 816 and the p-type contact layer 
804 (therefore, the semiconductor layer 831) are 
put into ohmic contact with each other through 
the contact portion 805 at the end of the third- 
order (highest-order) branch 806. In the region of 
the surface electrode 81 6 other than the contact 
portion 805, on the other hand, the surface elec- 
trode 816 and the semiconductor layer 831 are 
prevented from electrically conducting there- 
between. This is due to the fact that the Al layer 
and the p-type GaAs contact layer are materials 
which would not make ohmic contact with each 
other and moreover that they have already been 
subjected to heat treatment at step (2). It is noted 
that the p-type GaAs contact layer 804 is provid- 
ed only underneath the surface electrode 816, 



not serving as a current diffusion layer. 
(3) Finally, a rear-face electrode 807 is formed 
over all on the rear face of the substrate 800 (the 
fabrication completed). 

5 As stated above, since this AIGalnP series LED 

has the surface of the semiconductor layer 831 cov- 
ered with the surface electrode 816 in a tree-like 
form, as in each of the foregoing embodiments, the 
current can be diffused throughout the semiconduc- 

10 tor layer 816 without providing a current diffusion lay- 
er, allowing the current diffusion resistance to be re- 
duced substantially. Moreover, the surface electrode 
816 and the semiconductor layer 831 are put into oh- 
mic contact with each other through the contact por- 
ts tion 805 at the end of the third-order (highest-order) 
branch 806 while the surface electrode 816 and the 
semiconductor layer 831 are prevented from making 
electrical contact with each other at the rest of the 
surface electrode 816 other than thelend. Thus, light 

20 emission in the region that is not covered with the 
surface electrode 816 can be made greater in amount 
relative to ineffective light emission underneath the 
electrode 816. Accordingly, the light easily goes out 
of the LED, which leads to improved external quan- 

2s turn efficiency. Also, the process of forming the insu- 
lating layer can be omitted, advantageously com- 
pared with the fourth embodiment. 

As apparent from the above description, since 
the light-emitting diodes of the fourth to seventh em- 

so bodiments are so arranged that the surface electrode 
has, at least, first-order branches extending from a 
pad, second-order branches extending from the first- 
order branches, and third-order branches further ex- 
tending from the second-order branches, the semi- 

35 conductor layer surface can be covered with the va- 
rious-order branches in a tree-like form. Moreover, 
since the pad portion out of the surface electrode is 
out of contact with the underlying semiconductor lay- 
er while the surface electrode and the semiconductor 

40 layer are in contact with each other at the ends of the 
highest-order branches, the current can be diffused 
throughout the semiconductor layer without providing 
a current diffusion layer, allowing the current diffu- 
sion resistance to be reduced substantially. Accord- 

45 ingly, light emission in the region that is not covered 
with the surface electrode can be made greater in 
amount relative to ineffective light emission under- 
neath the surface electrode. As a result, the light 
easily goes out of the LED, which leads to improved 

so external quantum efficiency. Yet further, since the 
current can be sufficiently diffused within the semi- 
conductor layer by virtue of the shape of the surface 
electrode, the AIGaAs current diffusion layer can be 
omitted, for example, in an AIGalnP series LED of 

55 shorter wavelengths than yellow, thus making it pos- 
sible to realize a preferable characteristic that there 
will occur no light absorption even with shorter-wave- 
length light. The present invention can be applied not 
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only to the AIGatnP series LEDs but also to common- 
ly-used AJGaAs-, GaP-, ZnSe-, GaN-, SIC-series 
LEDs and others, and especially effective toZnCdSe 
series LEDs which are difficult to obtain any low-re- 
sistance current diffusion layer. 

When the semiconductor layer has, on the sur- 
face electrode side, a contact layer made of a material 
that makes ohmic contact with the surface electrode 
and moreover an insulating layer is provided between 
portions of the surface electrode other than the 
aforementioned end portions and the semiconductor 
layer, the ends of the highest-order branches of the 
surface electrode and the semiconductor layer are 
put into successful electrical contact with each other 
through the contact layer while the portions of the 
surface electrode other than the ends and the semi- 
conductor layer are electrically isolated from each 
other by the insulating layer Accordingly, the current 
can be injected only 'at the erid'pdrtldhs of the surface 
electrode. As a result, the light easily goes out of the 
LED, which leads to further improved external quan- 
tum efficiency. 

When the semiconductor layer has, on the sur- 
face electrode side, a layer made of a material that 
yields a Schottky barrier with respect to the surface 
electrode and moreover has, between the aforemen- 
tioned layer and the ends of the highest-order 
branches, a contact layer made of a material that 
makes ohmic contact with the surface electrode, the 
ends of the highest-order branches of the surface 
electrode and the semiconductor layer make suc- 
cessful electrical contact with each other through the 
contact layer while the portions of the surface elec- 
trode other than the ends and the semiconductor lay- 
er are brought into a state in which the current is sup- 
pressed from flowing by the Schottky barrier (i.e. a 
state in which current will not flow unless a certain 
high level of voltage is applied). Accordingly, in prac- 
tice, the current can be injected only at the end por- 
tions of the surface electrode. As a result, the light 
easily goes out of the LED, which leads to further Im- 
proved external quantum efficiency. 

When the semiconductor layer has, on the sur- 
face electrode side, a contact layer made of a material 
that makes ohmic contact with the surface electrode 
and having the conductive type of p-type or n-type, 
and moreover has a current blocking layer having a 
different conductive type than the aforementioned 
contact layer between the contact layer and the por- 
tions of the surface electrode other than the ends, 
the ends of the highest-order branches of the surface 
electrode and the semiconductor layer make suc- 
cessful electrical contact with each other through the 
contact layer while the portions of the surface elec- 
trode other than the ends and the semiconductor lay- 
er are blocked from electrically conducting therebetw- 
een by the current blocking layer. Accordingly, the 
current can be injected only at the end portions of the 



surface electrode. As a result, the light easily goes out 
of the LED, which leads to further improved external 
quantum efficiency. 

When the surface electrode Is composed of an 
5 upper electrode provided on the overall region occu- 
pied by the surface electrode and made of a material 
that makes no ohmic contact with the semiconductor 
layer surface, and a lower electrode provided be- 
tween the upper electrode and the semiconductor 
10 layer surface at the ends of the semiconductor layer 
surface and the highest-order branches and made of 
a material that makes ohmic contact with the semi- 
conductor layer surface, the ends of the highest-or- 
der branches of the surface electrode and the senil- 
is conductor layer make successful electrical contact 
with each other through the lower electrode whBe the 
rest of the surface electrode other than the ends and 
the semiconductor layer are electrically non-conduct- 
ing. Accordingly, the current can be Injected only at 
20 the end portions of the surface electrode. As a result, 
the light easily goes out of the LED, which leads to 
further improved external quantum efficiency. 

When the line width of the various-order branch- 
es decreases as the number of order increases, the 
25 line width of lower-order branches is relatively wide, 
suppressing the wiring resistance from increasing. 
Also, by arranging the line width of the various-order 
branches so as to decrease at a constant rate as the 
number of order increases, pattern designing of the 
30 surface electrode can be simplified; 

(Eighth Embodiment) 

Fig. 16 illustrates the surface of an AIGalnP ser- 

35 ies LED according to an eighth embodiment of the in- 
vention. As shown in Fig. 16, the LED has, on its sur- 
face 530, a mesa portion 600 composed of a surface 
electrode 516 and a semiconductor layer 531 includ- 
ing a light-emitting layer. The pattern of the surface 

40 electrode 516 (approximately identical to the pattern 
of the mesa portion 600) has In its center an approx- 
imately rectangular pad 518 for wire bonding. From 
this pad 518, first-order branches 519a, 519b, 519c, 
and 519d are extending linearly in diagonal direc- 

45 tions. The f irst-order branches 519a, 519b, 519c, and 
51 9d are identical to one another in line width and 
length (range hatched in the figure). From the ends 
of the first-order branches 519a, 519b. 519c, and 
51 9d, second-order branches 520a, 520b, and 520c 

50 are diverged and extending in three directions, re- 
spectively. The angle formed by the first-order and 
each of second-order branches is 0° or 90°. It is noted 
that, in actual design, there are unshown second-or- 
der branches which overlap the first-order branches 

55 519a, 519b, 519c, and 519d. The second-order 
branches 520a, 520b, and 520c are identical to one 
another in line width and length, each being half the 
line length of the first-order branches. Also, from the 
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ends of the second-order branches 520a, 520b, and 
520c, third-order branches 521a, 521 b, and 521c are 
diverged and extending linearly in three directions, 
respectively. The angle formed by the second-order 
and each fo third-order branches is 0* or 90°. Also, 
the third-order branches 521a, 521b, and 521c are 
identical to one another in line width and length, each 
being half the line length of the second-order branch- 
es. It is noted that the reason why other third-order 
branches are extending from intermediate points of 
the first-order branches 519a, 519b, 519c, and 51 9d 
is that there are unshown ends of second-order 
branches which overlap the first-order branches 
519a, 519b, 519c, and 519d. The semiconductor layer 
531 is provided along the pattern of the surface elec- 
trode 516, protruding at the surface 530 in a mesa 
shape. At the ends of the third-order branches 521a, 
521b, and 521c there are provided contact portions 
522a, 522b, and 522c for making ohmic contact with 
the underlying semiconductor layer 531. Meanwhile, 
the rest of the surface electrode 516 other than the 
contact portions 522a, 522b, and 522c is in no direct 
contact with the semiconductor layer 531 (due to an 
A1z03 insulating layer 515, later described). 

As shown above, the surface electrode 516 has 
the same number of branches at any divergence, thus 
being of a self-similar configuration, namely fractal 
configuration, in which the relationship between ad- 
joining lower- and higher-order branches is that X- 
shaped four ends each have another half-in- 
iength X combined therewith in regular, analogous 
fashion. Accordingly, pattern designing can be easBy 
made. Moreover, the approximately entire region of 
the semiconductor layer surface 530 can be covered 
In a tree-like form without causing higher-order 
branches to overlap with one another. 

Figs. 17 (a) to (f) illustrate the process for fabri- 
cating this LED. Figs. 17 (a), (c), and (e) depict part 
of the surface 530 of the LED (specifically, the vicinity 
of the end of a second-order branch 520b) by way of 
example, and Figs. 1 7 (b), (d), and (f) depict cross 
sections taken along the lines B - B, D - D, and F - F 
as indicated by arrow in Figs. 17 (a), (c). and (e), re- 
spectively. This LED is fabricated in the following 
way. 

(1) First, as shown in Figs. 17 (a) and (b), on an 
n-type GaAs substrate 51 0 are deposited over all 
an n-type AJGalnP clad layer 511 , an undoped Al- 
GalnP light-emitting layer 512, a p-type AIGalnP 
clad layer 513, a p-type GaAs contact layer 514, 
successively, by the MOCVD (Metal Organic 
Chemical Vapor Deposition) method, and more- 
over formed an Al 2 0 3 insulating layer 515. These 
layers 511, 512, 513 and 514 constitute a semi- 
conductor layer 531. Then, by photolithography, 
openings 515a, 515b, and 515c are formed at 
specified points of the Al 2 0 3 insulating layer 515. 

(2) Next, as shown in Figs. 17 (c) and (d), after a 



surface electrode (AuZn) 516 is deposited over 
all on the product of step (1), the surface elec- 
trode 516 is patterned into the fractal configura- 
tion as previously described. Here the points 
5 where the openings 515a, 515b, and 515c have 

been provided become contact portions 522a, 
522b, and 522c. Further, a rear-face electrode 
517 is also formed overall on the rear face of the 
substrate 510. 

10 (3) Then, as shown in Figs. 17 (e) and (f), by per- 
forming photolithography, the Al 2 0 3 insulating 
layer 515 and the semiconductor layer 531 are 
etched and thereby processed into a mesa shape 
according to the pattern of the surface electrode 

is 516 until the substrate surface 530 is reached. 
The etching may be either wet etching or RIBE 
(Reactive Ion-Beam Etching). By doing this, a 
mesa portion 600 is formed (the fabrication com- 
" pleted). J 7 ~" V "\ "Z . 

20 As stated above, this AIGalnP series LED pres- 
ents its surface 530 covered with the mesa portion 
600 in a tree-like form, with the surface electrode 51 6 
and the semiconductor layer 531 in contact with each 
other only at the contact portions 522a, 522b, and 

25 522c at the ends of the third-order (highest-order) 
branches 521a, 521b, and 521c. Accordingly, the 
junction portions underneath the ends of the third- 
order branches 521a, 521b, and 521c can be made 
light emission points, sothatthe light emission points 

30 . and the light outgoing face (mesa slant face) can be 
made substantially closer to each other, as compared 
with the prior art. This in turn allows ineffective light 
emission to be reduced, which leads to improved ex- 
ternal quantum efficiency. In actual characteristic 

35 measurement, the light emission wavelength was 
570 nm (yellowish green) and the external quantum 
efficiency was 2.5%. 

The mesa portion 600 is not limited to the one 
having the above-described shape, but may be any 

40 other in which light is allowed to go out through the 
mesa slant face substantially. For example, as shown 
in Fig. 17 (h), it may be arranged that the etching 
ranges up to an intermediate point of the p-type AI- 
GalnP clad layer 513, ending short of the undoped Al- 

45 GalnP light-emitting layer 512. Further, although not 
shown, the arrangement may be such that the etch- 
ing ranges up to an intermediate point of the undoped 
AIGalnP light-emitting layer 512, ending short of the 
n-type AIGalnP clad layer 511 . In contrast to this, such 

50 arrangements are not included that the etching rang- 
es only up to the p-type GaAs contact layer 514. The 
p-type GaAs contact layer 514 is merely a layer only 
intended for improving the electrical characteristic, 
and therefore does not allow the light to go out of its 

55 slant face. Similarly, the layers opaque with respect 
to light are also excluded from the mesa portion. 

Also, as shown in Fig. 17 (g), the end of the mesa 
portion 600 (surface electrode 516 and semiconduc- 

15 
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tor layer 531 ) may be shaped into a sector by chang- 
ing the pattern of the photolithography. This sector- 
shaped mesa portion gives an even enhanced light 
emission efficiency. 

The pad 518 may also be positioned at a periph- 
eral part, without being limited to the center, of the 
LEO surface 530. 

The contact portions 522a, 522b, and 522c may 
be further provided, for example, at intermediate 
points of the second-order branches 520a, 520b, and 
520c as shown in Fig. 16 as well, not only at the ends 
of the third-order (highest-order) branches 521a, 
521b, and 521c. In this case, although the current - 
light conversion efficiency slightly lowers, yet the to- 
tal amount of light emission per the LED can be In- 
creased. 

The pattern shape of the surface electrode 516 
may also be formed by the so-called mask deposition 
(deposition using a metal mask having openings iden- 
tical in shape to the surface electrode 516), not by 
etching. 

The surface electrode 516 and the rear-face 
electrode 17 may be provided not before but after me- 
saetching the semiconductor layer 531. 

The material of the LED is not limited to AIGalnP, 
but may be a III - V group compound semiconductor 
such as AIGaAs, GaAsP, GaP, AIGalM, and GalnAsP, 
a II - VI group compound semiconductor such as 
ZnCdSSe and ZnCdSeTe, or a chalcopyrite series 
semiconductor such as CuAISSe and CuGaSSe. 

The material of the substrate is not limited to 
GaAs, but may be GaP, InP, sapphire, or the like, eith- 
er transparent or opaque with respect to light emis- 
sion wavelength. The conductive type of the sub- 
strate may be either n-type or p-type. 

Although the surface electrode 516 having 
branches only on the LED surface 530 side has been 
provided in this embodiment, branches are further 
provided also to the surface electrode 51 7 on the rear 
face of the substrate when a substrate transparent 
with respect to light emission wavelength is used. 
This arrangement allows the light outgoing efficiency 
to be further enhanced. 

The junction of the interface of the light-emitting 
layer 512 Is not limited to the double-hetero junction, 
but may be a single-hetero junction or a homo junc- 
tion. 

Although the semiconductor layers 511 514 

have been formed by the MOCVD (Metal Organic 
Chemical Vapor Deposition) method, yet they may be 
also by the MBE (Molecular Beam Epitaxy), VPE (Va- 
por Phase Epitaxy), LPE (Liquid Phase Epitaxy), or 
other like methods. The pn-junction may be formed 
either during the crystal growth or by diffusing the do- 
pant after crystal growth. 

Furthermore, as the material of the surface elec- 
trode (p-side electrode) 51 6 are available AuZn, InAu, 
Cr/Au, mo/Au, Ti/Pt/Au, Au, Al, In, ITO (indium tin ox- 



ide), In0 2 , Sn0 2 , and their stacked films. As the ma- 
terial of the rear-face electrode (n-side electrode) 
517, on the other hand, are available AuGe/Ni, AuSn, 
AuSi, mo/Au, Au, Al, In, ITO and their stacked films. 

5 

(Ninth Embodiment) 

Fig. 18 illustrates a ZnCdSe series LED accord- 
ing to a ninth embodiment of the invention. Fig. 18 (a) 

10 shows the whole surface of the LED, and Fig. 18 (b) 
shows its part (the vicinity of one mesa portion) by 
way of example. Fig. 18 (c) is a sectional view taken 
along the line C - C in Fig. 18 (b). 

As shown in Fig. 18 (a), this LED has, on its sur- 

15 face 550, a surface electrode 547, and a plurality of 
mesa portions 557a, 557b, 557c, ... formed from a 
semiconductor layer 551 including a light-emitting 
layer. The pattern of the surface electrode 547 has in 
- its center an approximately rectangular pad 552 for 

20 wire bonding, as in the eighth embodiment. From this 
pad 552, first-order branches 553a, 553b, 553c, and 
553d are extending linearly in diagonal directions. 
The first-order branches 553a, 553b, 553c, and 553d 
are identical to one another in line width and length 

25 (range hatched in the figure). From the ends of the 
first-order branches 553a, 553b, 553c, and 553d, sec- 
ond-order branches 554a, 554b, and 554c are di- 
verged and extending in three directions, respective- 
ly. The angle formed by the first-order and each of 

30 second-order branches is 0° or 90°. It is noted that, 
in actual design, there are unshown second-order 
branches which overlap the first-order branches 
553a, 553b, 553c, and 553d. The second-order 
branches 554a, 554b, and 554c are identical to one 

35 another in line width and length. Also, from the ends 
of the second-order branches 554a, 554b, and 554c, 
third-order branches 555a, 555b, and 555c are di- 
verged and extending linearly in three directions, re- 
spectively. The angle formed by the second-order 

40 and each of third-order branches is 0° or 90°. Also, 
the third-order branches 555a, 555b, and 555c are 
identical to one another in line width and length. It is 
noted that the reason why other third-order branches 
are extending from intermediate points of the f irst- 

45 order branches 553a, 553b, 553c. and 553d is that 
there are unshown ends of second-order branches 
which overlap the first-order branches 553a, 553b, 
553c, and 553d. As the number of order increases, 
the length of the various-order branches gradually 

50 decreases and the line width of the various-order 
branches gradually decreasing. The semiconductor 
layer 551 is provided for each end of the third-order 
(highest-order) branches 555a, 555b, and 555c of the 
surface electrode 547 and protruding at the LED sur- 

55 face 550 in a mesa shape. At the ends of the third- 
order branches 555a, 555b, and 555c there are pro- 
vided contact portions 556a, 556b, and 556c for mak- 
ing ohmic contact with the underlying semiconductor 
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layer 551. Meanwhile, the rest of the surface elec- 
trode 547 other than the contact portions 555a, 555b, 
and 555c is in no direct contact with the semiconduc- 
tor layer 551 (due to an Al 2 0 3 insulating layer 546, lat- 
er described). $ 
This LED is fabricated in the following way. 

(1) First, as shown in Fig. 18 (c), on an n-type 
GaAs substrate 540 are deposited over all an n- 
type InGaAs buffer layer 541, an n-type ZnSe 

clad layer 542, an undoped Zn^Cd^Se (x=0.2) 10 
strained quantum well light-emitting layer 543. a 
p-type ZnSe clad layer 544, and a p-type GaAs 
contact layer 545, successively, by the MBE 
method. These layers 541 , 542, 543 and 545 are 
included in a semiconductor layer 551 . 15 

(2) Then, by performing photolithography, the p- 
type ZnSe clad layer 544 is etched into a truncat- 
ed cone shape to form a mesa portion 557. 

(3) After removing the photoresist, an Al 2 0 3 insu- 
lating layer 546 is formed on the resulting prod- 20 
uct Then, by photolithography, an opening 545a 

is formed at a point of the Al 2 0 3 insulating layer 

546 which corresponds to the top face of the 
mesa portion 557. 

(4) Next, after depositing the surface electrode 25 

547 overall on the product of step (3), the surface 
electrode 547 is patterned into a fractal configur- 
ation as previously described. Here the point 
where the opening 545a has been provided be- 
comes a contact portion 556. Moreover, a rear- 30 
face electrode 548 is also formed on the rear face 

of the substrate 540 (the fabrication completed). 

As stated above, since this LED has semiconduc- 
tor layer 551 including the light-emitting layer 543 pro- 
vided for each end of the third-order (highest-order) 35 
branches 555 of the surface electrode 547, not only 
light emitted by the light-emitting layer 543 toward di- 
rections in which no third-order branches 555 exist 
but also light emitted toward the direction In which the 
third-order branches 555 exist (right side in Fig. 18 (b) 40 
and (c)) can be allowed to go out of the LED effective- 
ly in its most portion. In other words, since the mesa 
slant face surrounds the light emission point, the light 
emission point and the mesa slant face can be made 
closer substantially as compared to the eighth em- 45 
bodiment. Accordingly, the light emitted by the light- 
emitting layer 543 can be allowed to go out of the LED 
efficiently through the annular mesa slant face, 
which leads to further improved external quantum ef- 
ficiency, as compared with the LED of the eighth em- so 
bodiment. 

The material of the substrate Is not limited to 
GaAs, but may be ZnSe or the like, eit her transparent 
or opaque with respect to light emission wavelength. 
The conductive type of the substrate may be either n- 66 
type or p-type. 

The material of the LED is not limited to ZnCdSe, 
but may be a III - V group compound semiconductor 
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such as AIGalnP, AIGaAs, GaAsP, GaP, AIGaN, and 
GalnAsP, a II - VI group compound semiconductor 
such as ZnSe, ZnCdSSe, and ZnCdSeTe, or a chal- 
copyrite series semiconductor such as CuAISSe and 
CuGaSSe. 

Although the light-emitting layer 543 has been 
formed from Zn^CdxSe (x=0.2) in this embodiment, 
the value of x is not particularly limited to this. It may 
be, for example, ZnSe of x=0. Also, the light-emitting 
layer may be of ZnSe/ZnCdSe multiple-quantum-well 
structure. 

Although the buffer layer 541 has been formed 
from n-type InGaAs in this embodiment, It may also 
be from an n-type ZnSSe or n-type ZnS/ZnSe strained 
layered superlattice layer. 

Further, although the semiconductor layers 

541 545 have been formed by the MBE method 

in this embodiment, yet the method may also be 
MOCVD, VPE, LPE,-or other like methods. The pn- 
junction may be formed either during the crystal 
growth or by diffusing the dopant after crystal growth. 

(Tenth Embodiment) 

Fig. 1 9 illustrates an AIGalnP series LED accord- 
ing to a tenth embodiment of the invention. Fig. 19 (a) 
shows the whole surface of the LED, and Fig. 19 (b) 
shows its part (the vicinity of one mesa portion) by 
way of example. Fig. 19 (c) is a sectional view taken 
along the line C - C in Fig. 19 (b). 

As shown in Fig. 19 (a), this LED presents, on its 
layer surface 590. a surface electrode 576, and a 
plurality of mesa portions 586a, 586b, 586c, ... 
formed from a semiconductor layer 591 including a 
light-emitting layer. The surface electrode 576 has an 
approximately rectangular pad 581, first-order 
branches 582a and 562b, second-order branches 
583a, 583b, 583c, 583d, 583e, 583f, 583g, and 583h, 
third-order branches 584a, 584b, 584c, 584d, 584e, 
584f, 584g, and 584h diverged from the second-order 
branches 583a 583h, respectively. More specifi- 
cally, the first-order branches 582a and 582b are pro- 
vided on a line parallel to the side face of the LED 
passing through the pad 581, and eight second-order 
branches 583a 583h are provided perpendicular- 
ly to the first-order branches 582a and 582b. Further, 
eight third-order branches 584a 584h are provid- 
ed perpendicularly to the second-order branches 
583a 583h. It is noted that the third-order branch- 
es are actually not formed at portions where they 
overlap the pad 581. The semiconductor layer 591 
(i.e. mesa portions 586a, ...) is shaped such that It 
protrudes in a cylindrical form for each end of the 
third-order (highest-order) branches 584a, ... 584h of 
the surface electrode 576. At the ends of the third- 
order branches 584a, 584b, 584c, there are pro- 
vided contact portions 585a, 585b, 585c, ... for mak- 
ing contact with the underlying semiconductor layer 
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591. 

This LEO is fabricated in the following way. 

(1) First as shown in Fig. 19 (c), the surface of 
an n-type GaAs substrate 570 is selectively etch- 
ed so as to form a cylindrical protrusion 570a at s 
portions to form a mesa portion 586. 

(2) Next, by the MOCVD method, on the product 
of step (1) are deposited an n-type AIGalnP clad 
layer 571, an undoped AIGalnP light-emitting lay- 
er 572, a p-type AIGalnP clad layer 573, a p-type 10 
GaAs contact layer 574, an n-type GaAs current 
blocking layer 575, successively, over all. These 
layers 571, 572, 573 and 575 are included in a 
semiconductor layer 591. By doing this, protrud- 
ing mesa portions 586 are formed at portions of is 
the protrusion 570a. As a result, the mesa side 

face 579 has smaller thicknesses of the layers 
571, 572, and 573 than the other portions (flat 
portions) 

(3) Next, by performing photolithography the n- 20 
type GaAs current blocking layer 575 is selective- 
ly etched so as to form an opening 585 at the por- 
tion on the protrusion 570a, making the p-type 
GaAs contact layer 574 exposed within the open- 
ing 585. 25 

(4) Then, the surface electrode 576 is deposited 
on the product of step (3) over all. By performing 
photolithography, the surface electrode 576, the 
n-type GaAs current blocking layer 575, and the 
p-type GaAs contact layer 574 are processed into 30 
the pattern as depicted in the figure. Finally, a 
rear-face electrode 577 is formed on the rear face 

of the substrate 570 (the fabrication completed). 

When the fabrication is carried out by the above- 
described steps, the mesa side face 579 has smaller 35 
thicknesses of the layers 571, 572, and 573, and 
therefore these portions have greater electrical resis- 
tance than the flat portions. As a result, only the por- 
tions overlying the protrusions 570a out of the light- 
emitting layer 572 will emit light Accordingly, as in t he 40 
ninth embodiment the light emission point and the 
light outgoing face (mesa slant face) 579 can be made 
closer substantially, thus allowing the light emitted by 
the light-emitting layer 572a to go out of the LED at 
high efficiency. 45 

When the semiconductor layer 591 is provided 
after forming the protrusion 570a as in the present 
tenth embodiment, the depth of etching, i.e. the 
height of the mesa portions can be controlled more 
easily, as compared to when the protrusions (mesa so 
portions) are formed after forming the semiconductor 
layers 531 and 551 as in the eighth and ninth embodi- 
ments. This is due to the fact that the composition to 
be objected for etching is of one kind. 

It is noted that the deposition can be almost fully « 
prevented from taking place onto the side face of the 
protrusion 570a by optimizing the MOCVD conditions 
in depositing the semiconductor layer 591. For exam- 
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pie, it can be implemented by controlling the substrate 
temperature and material gas mixing ratio, in addition 
to setting the surface orientation of the GaAs sub- 
strate 570 to (001) and that of the side face to (111). 

As apparent from the above description, the light- 
emitting diodes of the eighth to tenth embodiments 
have a semiconductor layer which includes a light- 
emitting layer, and a surface electrode successively 
stacked on respective substrates, light emitted by the 
light-emitting layer being allowed to go out of the LED 
through the portions that are not covered with the 
surface electrode out of the semiconductor layer, 
wherein the surface electrode has at least a pad, first- 
order branches linearly extending from the pad, sec- 
ond-order branches diverged and linearly extending 
from the first-order branches, and third-order branch- 
es diverged and linearly extending from the second- 
order branches, the semiconductor layer being pro- 
vided along the pattern of the surface electrode in a 
mesa shape in which the semiconductor layer pro- 
trudes at the LED surface. Thus, the light emission 
point and the light outgoing face can be made closer 
substantially as compared with the prior art Accord- 
ingly, light emitted by the light-emitting layer can be 
allowed to go out of the LED efficiently, which leads 
to improved external quantum efficiency. 

Also, the light-emitting diode of the present em- 
bodiments have, a semiconductor layer including a 
light-emitting layer, and a surface electrode succes- 
sively stacked on respective substrates, light emitted 
by the light-emitting layer being allowed to go out of 
the LED through portions of the semiconductor layer 
that are not covered with the surface electrode, 
wherein the surface electrode has at least a pad, first- 
order branches linearly extending from the pad, sec- 
ond-order branches diverged and linearly extending 
from the first-order branches, and third-order branch- 
es diverged and linearly extending from the second- 
order branches, the semiconductor layer being pro- 
vided for each end of the highest-order branches of 
the surface electrode in a mesa shape in which the 
semiconductor layer protrudes at the LED surface. 
Thus, the vicinity of the light emission point can be 
surrounded by light outgoing faces (mesa slant 
faces), so that the light emission point and the light 
outgoing face can be made closer substantially as 
compared with the prior art. Accordingly, the light 
emitted by the light-emitting layer can be allowed to 
go out of the LED efficiently, which leads to improved 
external quantum efficiency. 

Also, when the ends of the highest-order branch- 
es of the surface electrode and the semiconductor 
layer are in electrical contact with each other while 
the rest of the surface electrode and the semiconduc- 
tor layer are not in electrical contact with each other, 
the portions of the surface electrode underneath the 
ends out of the semiconductor layer can be made light 
emission points. Accordingly, light emitted by the 
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light-emitting layer can be easily made to reach the 
light outgoing faces (mesa slant faces), thus allowing 
the external quantum efficiency to be further im- 
proved. 

The invention being thus described, it will be ob- s 
vious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 10 
of the following claims. 



Claims 

15 

1. Alight-emitting diode which has a semiconductor 
layer (331, 351, 391. 831, 531, 551, 591) inciud- 
ing a light-emitting layer (12, 42, 312, 343, 372, 

802, 512, 543, 572), and a surface electrode (16, _ 

45. 75, 316,-347, 376, 816, 516, 547," 576) sue- 20 
cessively stacked on a surface of a semiconduc- 
tor substrate (10, 40, 310, 340, 370, 800, 510, 
540, 570) and which further has a rear-face elec- 
trode (1 7, 46, 317, 348, 377, 807, 517, 548, 577) 
on a rear face of the substrate (10, 40. 310, 340, 25 
370, BOO, 510, 540, 570), light emitted from the 
light-emftting layer (12, 42, 312, 343, 372, 802, 
512, 543, 572) being made to go out through a 
portion of the semiconductor layer (331, 351, 
391, 831, 531, 551, 591) that is not covered with 30 
the surface electrode (16, 45, 75, 316, 347, 376, 
816, 516, 547, 576), the surface electrode (16, 
45, 75, 316, 347, 376, 816, 516, 547, 576), com- 
prising at least 

a pad (18, 48, 78, 318, 352, 381, 518, 552, 35 
581); first-order branches (19, 49, 79, 319, 353, 
382, 519, 553, 582) linearly extending from the 
pad (18, 48, 78, 318, 352, 381, 518, 552, 581); 
second-order branches (20. 50, 80, 320. 354, 
383, 520, 554, 583) diverged and linearly extend- 40 
Ing from the first-order branches (19, 49, 79. 319, 
353, 382, 519, 553, 582); and third-order branch- 
es (21, 51, 81, 321, 355, 384, 521, 555, 584) di- 
verged and linearly extending from the second- 
order branches (20, 50, 80, 320, 354, 383, 520, 45 
554, 583). 

2. A light-emitting diode as claimed in claim 1, 
wherein a line width of the branches (19, 20, 21; 

49, 50, 51) of each order decreases as the nurrv so 
ber of order increases. 

3. A light-emitting diode as claimed in claim 1, 
wherein a length of the branches (19, 20, 21; 49, 

50, 51) of each order decreases at a constant rate 55 
as the number of order increases. 

4. A light-emitting diode as claimed in claim 2, 



wherein a length of the branches (19, 20, 21; 49, 
50, 51 ) of each order decreases at a constant rate 
as the number of order increases. 

5. A light-emitting diode as claimed in claim 1, 
wherein an angle formed by adjoining lower- and 
higher-order branches (19, 20, 21; 49, 50, 51) is 
0° or 90°. 

6. A light-emitting diode as claimed in claim 1, 
wherein ends of the highest-order branches (321, 
358, 384, 806) of the surface electrode (316. 347, 
376, 81 6) and the semiconductor layer (331 , 351 , 
391, 831) are in electrical contact with each other 
while the pad (318, 352, 381) of the surface elec- 
trode (316, 347, 376, 816) and the semiconductor 
layer (331 , 351 , 391 , 831) are electrically isolated 
from each other. 

7. A light-emitting diode as claimed in claim 6, 
wherein the semiconductor layer (331) has, on a 
surface electrode side, a contact layer (314) 
made of a material that makes organic contact 
with the surface electrode (316), and an insulat- 
ing layer (315) is provided between portions of 
the surface electrode (316) other than the ends 
of the surface electrode (316), and the semicon- 
ductor layer (331). 

8. A light-emitting diode as claimed in claim 6, 
wherein the semiconductor layer (351) has. on a 
surface electrode side, a layer (344) made of a 
material that yields a Schottky barrier with re- 
spect to the surface electrode (347), and more- 
over has, between the layer (344) and the ends 
of the highest-order branches (358) of the sur- 
face electrode (347), a contact layer (345, 346) 
made of a material that makes organic contact 
with the surface electrode (347). 

9. A light-emitting diode as claimed in claim 6. 
wherein the semiconductor layer (391) has, on a 
surface electrode side, a contact layer (374) 
made of a material that makes ohmic contact with 
the surface electrode (376) and having a conduc- 
tive type of either p-type or n-type, and moreover 
has, between the contact layer (374) and por- 
tions of the surface electrode (376) other than 
the ends of the surface electrode (376), a current 
blocking layer (375) having a conductive type dif- 
ferent from that of the contact layer (374). 

10. A light-emitting diode as claimed in claim 6, 
wherein the surface electrode (816) comprises 
an upper electrode provided on the entire region 
occupied by the surface electrode (816) and 
made of a material that does not make ohmic con- 
tact with a surface of the semiconductor layer 
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(831), and a lower electrode (805) provided be- 
tween the upper electrode and the surface of the 
semiconductor layer (831) at the ends of the 
highest-order branches (806) and made of a ma- 
terial that makes ohmic contact with the semicon- 5 
ductor layer surface. 

11. A light-emitting diode as claimed in claim 6, 
wherein a line width of the branches (319, 320, 
321) of each order decreases as the number of 10 
order Increases. 

12. A light-emitting diode as claimed in claim 1, 
wherein at least part of the semiconductor layer 
(531) is provided along a pattern of the surface 15 
electrode (516) in a protruding mesa shape. 

13. Alight-emitting diode as claimed in claim 1, fur- 
1 her comprising protrusions (557, 586) formed by - 

at least part of the semiconductor layer {551, 20 
591) and provided under each end of the highest- 
order branches (555, 584) of the surface elec- 
trode (547, 576). 

14. A light-emitting diode as claimed in claim 12, 25 
wherein the ends of the highest-order branches 
(521) of the surface electrode (516) and the sem- 
iconductor layer (531) are in electrical contact 
with each other while the rest of the surface elec- 
trode (516) and the semiconductor layer (531) 30 
are electrically isolated from each other. 

15. A light-emitting diode as claimed in claim 13, 
wherein the ends of the highest-order branches 
(555, 584) of the surface electrode (547, 576) 35 
and the semiconductor layer (551, 591) are in 
electrical contact with each other while the rest of 

the surface electrode (547, 576) and the semi- 
conductor layer (551, 591) are electrically isolat- 
ed from each other. 40 
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